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XXXVIII. Account of a new Hygrometer^ 
By M. J» A, De Luc, Citizen of Gtn^vi3L^ 
F.R.S. and Correfpond. Member of the 
Academies of Paris ^;;^ ^ Montpellien 



Read June to, TTN laying before the Royal Society an 
^773' J^ account of my attenypts to find out a 
method for meafuring the moiftureof the air, I think 
myfelf obliged to relate the gradual fteps of my mind, 
the obftacles I met with, the means by which I en- 
deavoured to overcome them, the degree at which I 
flatter myfelf to have arpived, the hopes that may be 
entertained of farther advances, and the ufes which 
may be derived from my firfl: experiments. 

Attempts to invent an Hygrometer. 

I. In order to proceed regularly in this inveftiga* 
tion, I began by examining the effential requifites in a 
machine intended to meafure humidity^ which I found 
to be the three following : 

I ft. The fetfling of a fixed point, from which 
every meafure of the fame kind (hould be taken^ 
fuch, for ihftance, as that of boiling water in a ther- 
mometer, when the barometer is at a certain height. 

2Af Degrees equally determined, or comparable, 
in different hygrometers, fuck as are in the ther-mo- 

meter. 
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roclcr, the fcales of Fahrenheit, Deh'fle, Reaumur^ 
&c. 

3d, Conftancy in the variatbns produced by thQ» 
fame differences of humidity. 

2. I perceived, moreover, that it were to be wiflied, 
that the hygrometer fhould give a true indication of 
the relation between the real quantities of the hu mi* 
dity, or at leaft between their differences : but this laft 
point I rather confidered as adefirable degree of per* 
fedion, than as an indifpcnfable requifite ; the elTen- 
tial point being, that obfervers might underftand each 
other,^ when mentioning degrees of humidity 5 and 
this feemed to be fufficienily provided for by the 
abovementioned conditions* 

3^. Having thus planned to myfelf the work I had 
to go through, I iirft attended entirely to the firft 
point, and laid afide all the others. This I again 
fubdivided. I had foon perceived that 1 muft begin 
by thinking much lets of the hygrometer than of the 
different phfleoomena of humidity. For this pur- 
pofe it was ncceflary to find out a fixed flate^- either 
of bodies in general, or of fome body in particular; 
and this fixed flate might either be extreme humi- 
dity, or drynefs, or any intermediate point. 

4. Knowing that the extremes in nature are com* 
monly very difficult* and fometimes impoflible to 
hit, 1 conceived at firft greater hopes of intermediate 
degrees. But in vain did my imagination fatigue it- 
felf in a road, which I was forced to abandon. 

5. I then came to the extremes, and that of abfb- 
lute drynefs was the firjft 1 was induced to try. But 
having found no other way to procure it but by fire, 
and fire not producing it in all bodies which appjsjired 
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to me fuiceptible of humidity, but by altering their 
mature, I rchidiantly perceived that I fhould be 
obliged to look for my firft point, where I had the 
leaft hopes of difcovering it. 

6. I remained a long time without difcovering 
any thing in this new road 5 and very often tutned 
back^ but was always obliged to return to extreme 
hamidity, as to the only part of my objeft, of which 
I could poffibly get any hold. 

7. The words^ which are neceflary for commu^ 
nicating our ideas to others, are often obftacles to the 
raifing of new ideas in ourfelves. They are by far 
too few to exprefs diftindly every fliade of intellec- 
tual objeds. Humidity was a word which I con- 
ftantly repeated to my (elf, and it conftantly led me 
to a clafs of phaenomenaj in which I could find no- 
thing fettled. 

8. Water at length prefentcd itfelf to my mind ; 
and in this fluid, which to all appearance ought firfl: 
to have ftruck me, I beheld with furprize, what I 
had been labouring, through many a round, to difco- 
vcr, under the denomination of extreme humidity. I 
was not at that time confidering humidity in any 
particular phenomenon j I only obferved that it was 
conftantly produced by aqueous particles difleminated 
through bodies; and I found in water the maximum 
of the approach, and confequently of the action, of 
thefe particles* 

Ip. In order now to avoid the ambiguities from 
whence, in my opinion, the difficulties in tbefe mat- 
ters arife, let me be allowed for the future to employ 
no words but fuch whofe meaning is well deter- 
minedi Hi^midity will accordingly be no more 

that 
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tfeatt an effed:, or modification of bodies from a fub-^ 
ftance more or lefs abundant but conftantly confift- 
ing of aqueous particles under different forms. This 
fubftance, confidered in its utmoft extent and tinder 
all the appearances which it affumes in nature, I 
ihall exprefs by the Latin word humor i^ Thus ice^ 
water in its different degrees of heat, hail, ihow, 
icicles, rain, dew, clouds, fog, mift, invifible vapours, 
are no more than modifications of this fame fub- 
ftance, different fpecies of a determined genus , fince 
aquofity, which is common to all, is its generic 
character. 

10. The more humor there is in any body, the 
more humid that body is; and confequently if it be 
plunged in water, and foaked fo as not to be able 
to receive any more, it is got to extreme humidity, 
the water which fills up all its pores being humor in 
the higheft degree of intenfity- 

!!• Not, however, but that difcrete humw, or 
vapour of every kind, may in fome refpefts produce 
as great effefts as concrete humor or water : but 
there is always fome difference in fome other relped, 
and chiefly in regard of time. Bodies encompaffed 
with air are continually difcharging, by evaporation, 
part of the humor they imbibe from it* If the cir- 
cumftances are fuch, that the humeftation exceeds 
the evaporation, the body at length wets through*, 
more or lefs quickly as the quantity of humor which 
it receives in a given time is greater or lefs, and like- 
wife in proportion as this quantity exceeds that 



* By uo0iiint here, I wnderftand arriving at the grcatcft dc* 
gree of humidity^ 
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which evaporates* It is fuddenly wetted, when the 
humor is fo condenfed as to become water, becaufe 
the evaporation which takes place at the furface of 
the water, docs not weaken its action on the bodies 
dipped into it ; it is only wetted little by little, or, 
what happens ofieneft,. in part| when the humor is 
difcrete or reduced into vapour § becaufe, while it is 
depofited on particular fpols, it evaporates from the 
intcrftitial parts, and that more or lefs according 
to the ftate of the air, and that of the moiftened 
bodies. 

12, This difference, however, in point of time, 
between the a€lion of concrete and difcrete humor^ 
anly takes place on the furface of IxKiieSt or at afmall 
depth; ir diminifhes, and may even become oppo- 
fite, as the depth of bodiea increafes, becaufe the 
^fcrete humor is then more eafily introduced ijito 
their pores than water, which more than makes up 
for their different intenfity, 

13, This confkieration folves a difficulty, which 
at firft puzzled me, 1 had been told by bird- 
catchers, that the threads of thofe nets which they 
caft on the water-JKJe, w^ere lefs ftretched from the 
ailion of water than of dew* Hence it might feem, 
that what I took for the extreme of humor had left 
effect than what is only a degree of it. But two 
particular caufes accounted for this difference. 

ift, The air contained within the fibres of the 
thread oppofes the in trodii£lion of the water, which, 
prefeating &felf in a body, fliuts up the paffages by 
which the air fhouldefcape to give it room; but it 
yields to the drops of dew, which permit its cfca|^ 
while they penetrate through the threadi.^ 

2d, A ohe f 
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2(3, Another particular caufe> lefs obvious though 
not lefs probable than the preceding, is the diiFerence 
in the mutual attraction of parts, in the concrete and 
difcrete humor, and confequently in their r^fpeftivc^ 
facility to feparate, and get one by one rfirough the 
narrow pores* When this entrance is attempted by 
the humor, under the form of water, the mutual at- 
traftion of its parts, being greater than in dew, occa- 
fions a greater refiftance to their introdudion, than 
when they are already divided by fome other caufe, 
viz. when the humor is reduced to fmaH drops, or 
v^por. 

14. This phaenomenon, therefore^ does not con- 
tradi(9: my principle ; it is only a particular fad; and 
it remains true, that bodies furrounded with water 
are expofed to the extreme of humor. To remove 
this caufe of exception from my hygrometer, it was 
lufficient to provide outlets for the air, and not to 
ittcreafe too much the thicknefs of the body, upon 
which the humor was to ad. 

15. Another difficulty, which prefented itfelf, was 
that water might probably ad withr more or lefs 
energy in proportion to its heat. But this did not 
ftop me long. As my prefentobjed was a fixt point 
for the hygrometer, and not the greateft power of 
water, confidered as a caufe of humidity, it was 
enough to employ it conftantly at the fame degree 
of heat; and, to fix this with greater precifion, 
I determined to ufe water at the inftant that it ceafes 
to be ice. The bafis therefore of my hygrometrical 
fcale was to be the foaking power of melting ice. 

1 6. This principle, being thus unfolded, appeared 
fo fimple, that I was at firft furprifed how it could 

havi^ 
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have been fo long overlooked. But I afterwards ac- 
counted for this, from the dfficulties which I met 
with in the difcovery. The notion of an hygro- 
meter being both complex and unfettled^ all the ob* 
ftacles prefented themfelves at once, and this multi^ 
tude of ideas exceeded the power of attention. The 
very firft fteps were apt to miflead. On the one 
hand, I looked for an hygrometer with a head full 
of the matters already ufed for hygrofcopes, which 
always are more or lefs altered by water; and, on 
the other, the name of humidity was applied to that 
caufe, the efFefts of which 1 wifhed to meafure j and 
both points of view turned afide the mind from the 
idea of water, as being proper to afford the required 
fixed point in an hygrometer* 

1 7. The firft difficulty had not efcaped me ; but, 
confidered in itfelf, it did not appear unfurmountable* 
I was in hopes that a fubftance might be found ca* 
pable of being affeded by the foaking power of 
water, without being altered by it* As the nature 
of this fubftance was to determine not only the form 
of the hygrometer, but alfo the fpecies of the de- 
grees, which were to indicate the different quantities 
of humor, I concluded that my fecond objed ought 
to be the difcovery of this fubftance. 

18. In this refearch, I again divided the objefts, 
by confidering feparately the three kingdoms^ viz. the 
mineral, the vegetable, and the animal. The two 
firft offered no fubftance fit for my purpofe, viz. 
none that would obey the impreflions of humor, 
without being altered either by it or by other caufes^ 
But in the animal kingdom bones drew my atten- 
tion; and ivoryiin particular, feemed to poffefs the 
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required qualities. I had obferved that the key oC 
an ivory cock was tighter or (lacker, as there was 
more or lefs humor in the air. Ivory pallets, ufed 
for water-colours, fliewed no alteration, at leaft none 
that was lafting. I knew alfo the elafticity of this 
fubftance, which feetned'to fecure its coming back 
to the fan^e ftate, on its return to the fame degree 
ofmoiftnefs, 

19. There ftill remained on this fecond head an- 
other objed of inquiry, which was almoft neceflarily 
connefted with the thirds viz. the fpecies of the de- 
grees to be given to the hygrometer. The beft 
form to be given to the ivory, in order to receive 
with eafe the impreffions of the humor, and to have 
its efFeds meafured upon it, was to be determined. 1 
firft thought of ivory rods, the lengthening of which 
ihould be meafured by a machine fimilar to the py- 
rometer. I likewife had fome notion of a large no? 
nius, formed of an ivory and a metallic rod* Either 
of thefe machines would admit of a fixed graduation, 
as both the dimenfions of their parts and proportions 
to one another could be determined. But then I ap- 
prehended that ivory tit^ight perhaps, like wood, have 
its longitudinal fibres but little liable to be extendeci 
by the humor, and that the imperfedions of thefe 
twokinds of micrometers would pccafiton a confider- 
able irregularity in the hygrometrkal degrees, % 
alfo feared that if ivoty rods were made thick enougli 
to prevent their bending, fuch a thicknefs might l>c* 
come an obftacle to their intire penetrability by the 
humor (i4). I therefore qonchided that me Ivotf 
fliould have fuch a form, that, though very tJun, it 
might not warp J and that the meafurabte varia- 
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lions were to be the removal or approach of its fibrer 
to each other, 

20. Being thus guided by thefe iie^^flary condi- 
tions, I thought of different thin ivory cups, the ca- 
pacities of vsrhich (hould be meafured by qiiickfilver ; 
and at laft imagined a hollow cylinder, in which the 
variation of its capacities, when more or lefs moiftj^ 
might be meafured by the quickfilver it ihould be 
filled with; and which putting into a glafs tube 
joined to the ivory one, would of courfe rife more or 
lefs, as that veflel was ntore or lefs deprived of humor,, 

21. Nothing now remained but to find out a way 
of eftimating the changes of capacity of the ivory 
tube, by means of the variations in the height of the 
mercury in the ghfs tube, 1 thought, at firft, that by 
ufing very nice fcales, in order to compare the 
weights of the mercury contained in the cylindrical 
veflel, with that of a column of the fame liquid in 
the tube, I might obtain the proportions of thefe 
weights with a fufficient exaftnefs, to be abletomea- 
fure the variations of the ntercurial column^ by de- 
grees reprefenting aliquote parts of the whole mafs.^ 

22. This in itfelf was undoubtedly an exadl me- 
thod ; but then it required in the execution fuch a 
nicety in the fcales, that 1 durftnot employ it in the 
conftrudion of an inftrument of fo exteniive an ufe. 
Such fcales are always fcarce from their high price. 
I retnembered to have myfelf found that inconve- 
nience; in the conftfu<-liQn of a Deli.fle*s thermo- 
meter, and concluded I muft hit upon fome method 
to avoid it. 

23. The idea of a thermometer, which fifuek 
my mind, was a lucky one* I was led to it by a 
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Iciiid of connexion between the fcale of that inftrii* 
inent and that of my hygrometer. I foon perceived, 
that, by applying to my hygrometer a thermome- 
tfical tube, already graduated by means of two fixed 
points of heat, it would only be neceflary to know 
the proportion of the weights of mercury in this ther^ 
momcter, and the hygrometer, to which its tube was 
to be applied, to have in this laft inftrument degrees 
as well determined as in the firft. Scales of a com- 
mon degree of exaftnefs were fufficient to eftablifh 
between the refpe£live degrees of both inftruments 
a proportion equal to that of their mercurial weights 
(42 and 43). 

24. Befldes the eafe in the execution, this contri* 
vance afforded me a very limple methcxi to correft 
the effeds of heat upon the mercury contained in 
the hygrometer. It is indeed obvious, that, abftra£l- 
ediy of the effects of the humor, the new inftrument 
muft in itfelf be a regular thermometer j and that 
confequently the variations of an adjoint thermo- 
meter were immediately to point out this correction. 

25. Every principle being thus fettled, nothing 
remained but to contrive its conftruftion. I began 
by making fome exfcriments^ on the nature and 
quantity of die adiion of water upon ivory. I made 
for that purpofe a fmall cylindrical ivory veflel, of 
an inch in diameter, and eight lines in length, and 
reduced its thicknefs to lefs than i of a line. I like- 
wife prepared a wooden cylinder, equal in its dia- 
meter to the internal one of the veffel. I then put 
this veffel into water, in fuch t manner that it only 
wetted it outwardly to the rim. In a very {hc^rt 
time the wooden cylinder, which at firft filled the 
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cop exadly^ no longer filled it. After a few liours^ 
1 perceived that the internal furface grew wet^ and by 
means of a magnifying glafs, found it covered with a 
very fine dew. This dew did not encreafe by the 
veflel remaining any longer in the watery the eva^** 
poration being doubtlefs equal to the tranfudations 
and the capacity of the veflel, which enereafed till the 
appearance of the dew, feemed afterwards at a ftand* 

26. This tranfudation puzzled me a little ; it 
fhewed me that the water would get into my hygro-^ 
meter, which at firft appeared an inconvenience. I 
foon, however, found an advantage in it. The wa- 
ter, after having foaked through the ivory, would 
immediately pulh back the mercury, which having 
by degrees funk in the tube, during the penetrations 
of the water through the pores of the ivory, muft 
thus rife again* Hence I might expecfl a maximum 
for the fall of the mercury, very eafy to be deter- 
mined. As for the water introduced into the ivory 
veflel, I was in hopes that it would go back as foon 
as the outfide of the cup (hould be dry.. 

27. Having thus afcertained that ivory wa& very 
cafily affe<aed by the imprellions of the humor, it ftill 
was neceflary to know, whether the variations of the 
one would always equally anfwer to thofe of the 
other. Having accordingly taken my fmall cup out 
of the water, and expofed it to the air, I foon found 
that its capacity diminiflied, but that even after fe- 
veral days it did not return to its former ftate. This 
again puzzled me ; but I fufpefted that the external 
preflTure of the tool upon the ivory might fomewhat 
have comprefled it^ and that the water having re- 
fl:ored the ivory fibres to their original pitch, the 
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abfbiiite capacity of the cup remained krger than it 
was t^fore. 

28. To fatisfy myfelf about this,, I got another 
wcx)den cylincler, which filled the capacity of the 
veffel in its prefent ftate^ This 1 again put into the 
water, and left it there a fufficicnt time j I then ex- 
pofed it to the air to be dried 1 and after that found 
that the wooden cylinder filled it as before,. Hence 
I concluded, that in the conftruClion of my hygro- 
meter the ivory cup lliould be dipped for fome time 
in water, and afterwards dried, before it was ufed. 

29. Thus having cleared up my conjeftures, as 
much as they could be, by thele preliminary experi- 
ments, and got fome infight into the projK>rtions of 
the different parts of the machine, 1 proceeded to ita 
conftrudion,. and finifhed it in the following manner: 

D^fcripfkn of an Hygrometer* 

30. Tab. xviii. figure i. fhews the feftion of the 
interior part of the inftrument, of its true length, in 
the diredion of its axis. 

The firft part to be defcribed, being in fome mea- 
fure the foul of the hygrometer, is an ivory tube, 
aai^i open at the end ^4, and clofed at I. It i^ 
made of a piece of ivory, taken at the diftance of 
fome inches Irom the top of a pretty large elephant's 
tooth, and likewife at the fame diftance from its fur- 
face, and from the canal which reaches to that point 
(68). This piece is to be bored exaftly in the di- 
red:ioD of its fibres 1 this hole is to be very ftireight, 
and its dimenfions are 24. lines in diameter, and twa 
iiiches 8 lines in depth from £i a to €♦ 

31. Prepare 
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31. Prepare after this a brafs cylinder, about 3|. 
inches long, and to one of its extremities fix the 
pully proper to receive the firing of the bow when 
the piece is turning* This cannot be done too care^* 
fully, both to make it perfectly round, and to fit it ex* 
a£lly to the hole of the ivory tube 1 its extremity 
muft even be rounded, that it may be applied clofely 
€0 the bottom of the hole. Having then roughly pre- 
pared the outfide of the ivory tube, and introduced 
into it the brafs cylinder, put both pieces thus united 
upon the turning wheel, and find out on the outfide 
bottom of the ivory tube, the point which anfwers to 
the axis of the brafs piece, in order that this may turn 
exadly upon its axis. It is with this view that the 
brafs cylinder is made longer than the ivory tube. 

32. All thefe precautions are defigned to make 
the fides of this tube of an equal thicknefs, viz. ^^ of 
a line, except at the two extremities. At the bot- 
tom S the tube ends in a point, and at the top aa^ it 
uiuft for about two lines be left a little thicker, in 
order to enable it to bear the preiTure of another 
piece, which is to be put into it. Thus the thin or 
hygrometrical part of the tube will be reduced to 
!2^ French inches, including the concavity of the 
bottom. 

33. Before this piece is ufed, put it into water fo 
as that the external part alone be wetted by it, and 
leave it there till the infide be every where covered 
with the dew I mentioned before (25), This will 
take place in a few hours 1 I have given the reafons 
for this operation (28). 

34. The glafs tube intended for this hygrometer 
muft be about 14 inches long. Its lower end is feen 

in 
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ih dd ee (fig. i.). Its internal diameter is about *, 
of a line. The rcafon wHy it fliould not be fenfibly 
lefs will be given hereafter (52) j and if it was fen- 
fibly larger, the variations of height in the mercurial 
column would not be confiderable enough. On the 
dimenfions that I propofe, when the hygrometer is 
put into melting ice, in a fine fummer day, the mer- 
cury falls abopt fix inches in the tube. The outfide 
diameter of this tube fliould be about two lines, in 
order that the part f ^ of a brafs piece through which 
Upaffes, and which is to enter into the ivory pipe, be 
as thin as poffible. 

3 J. The*glafs tube, as I faid before, fliould have 
belonged to a thermometer* Its extremity widens 
ofcourfe towards the ball 1 which will be of ufe, 
when the mercury is poured into the hygrometer, in 
order that it may drive the air before it, by rifing 
from the ivory pipe into the gkfs tube* To preferve 
this widening, break the ball of the thermometer by 
ftriking againfl the bottom ; and with pinchers take 
oft' the reft little by little, and make the extremity 
cylindrical by grinding it upon the wheeL The fame 
muft be done at the top, which I fuppofe to have 
been made to end in an olive or fmall refervoir for the 
filling of the thermometer* This widening is like- 
wife to be faved for the reafons hereafter to be men* 
tioned(53)i 

36. The piece/y gg is intended to join the ivory 
with the gkfs tube. It is of brafs, fliaped as in the 
figure. A cylindrical hole is bored through it, which 
holds the glafs tube as tight as poffible, without dan- 
ger of breaking it i and its lower part is to enter with 
feme degree of diffiailty into the ivory pipe. 

37. To 
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37^ To hinder the part of that tube, which en- 
clofes the brafs piece, from being afFeded by the 
variations of the humor, which might fometimes 
prevent a fufEcient preflbre, I cover this part of the 
tube with a brafs verrel, reprefented in ^ ^ / /• It 
muft enter with force, and will henceforth be con- 
fid ered as part of the ivory pipe, 

38. To unite thofe pieces together, I make ufe of 
gum lac, or of maftich, which melts by the heating 
of the glafs and the brafs* I firft cement the brafs 
piece with the glafs tube by introducing the tube, and 
leaving it at firft at an inch diftancefrom the place 
where it is to be fixed •, I then hold this end of the 
tube over live coals, by bringing it nearer and nearer, 
and turning it, that both that and the brafs piece be 
every where equally heated ; and when they are hot 
enough to melt the gum lac, I rub the glafs tube 
with it, and pufh the brafs piece to its place by means 
of a hollow bit of wood, drawn beforehand over the 
tube for this purpofe. As the brafs piece advances, 
the lac accumulates towards the end of the tube; I 
take away the fuperfluous part, but leave a flight 
coat of it over the end of the brafs piece, in order to 
prefer ve it from the con tad of the mercury that 
might corrode it. When this piece is properly 
placed, and ftill warm, I cover with lac its cylindrical 
outfide, and introduce it into the ivory tube, which 
has been fomewhat warmed by holding it near the 
fire, in order that the lac may ftick more clofely 
to it. As foon as thefe pieces are cold, they are 
found very ftrongly cemented together, and neither 
mercury nor water can make their way between 
them. 

3 39* The 
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39* The Introdudion of the mercury is the next 
opje^ation, I fir ft roll a flip of paper three inches 
wide over the glafs tube, and tie it faft to the extre- 
mitf which is neareft to the ivory pipe. I then in- 
troouce into the tube a horfe hair long enough to 
enter the cylinder by one end, and to have the other 
rife three or four inches beyond the orifice of the 
tube, I then raife the paper which has been fhaped 
round the tpbe, and ufe it as a flmnel to pour the 
mercury into the inftrament, which I hoM upright. 
The pureft quickfilver ought to be employed for 
that purpofe, and it will therefore be proper that it 
(hould be revivified from cinnabar. 1 poured it then 
into the paper funtiel,frorn whence it eafily runs in- 
to the tube, vuith the alBftance of fome gentle fhakes. 
The air which it' drives before it comes out along the 
horfe hair. Freftt mercury muft from time to time 
be fupplied, to prevent the entire emptying of the 
paper tube^ and the running in of the mercurial pel- 
licle, which the coiitaaof air always produces upon 
the (urface. 

40, Some air bubbles generally remain in the 
tube; they may be feen through the ivory pipe, 
which is thin enough to have fome tranfparency. 
Thefe being collefted together by fhaking, muft be 
brought to the top of the tube, and expelled, by 
means of the horfe hair. To facilitate this opera- 
tion, fome part of the mercury muft be taken out of 
the tube, in order that the air may be lefs obftruded 
in getting out, and the horfe hair have a freer motion 
to affift it. 

41. Air, however, cannot be entirely driven out 
in this manner. It ts the weight of the mercury. 

Vol. LXIII. 1 i i with 
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witii which the tube is for that reafon to he SlleSy 
that in time completes its expulfion, by making it 
pafs through the pores of the ivory. To haften this, 
I place my hygrometers in a box made on purpofe; 
and thi^ I fix pretty nearly in a vertical diredion, to 
the (Mc of a horfe, which is fet a trotting for a few 
hoars* The fhakcs fbmetimpes divide the column of 
mercury in the glafs tube, bm it is eafily reunited with 
the horie hdr. When, upon fliaking the hygrometer 
vertically^ no fmali treHWilous mc^ion is any longer 
pefceived in the upper part of the column, one may 
b.f«re that aJl the air is gone out. 

42. I now come to the operations requHite to 
make the icale of the hygrometer, and firft of all to 
that which determines the bafe ( 1 5). This may be 
done as foon as the air is gene out. 1 then fufpend 
the inftrument in a veffel filled with rce mixed with 
the water it produces in melting. I take care to 
fspply the melting by recruits of freih iee, durinr 
the courfe of this procefs, which lafts ten or twelvS 
hours* In the firft hour, the mercury finks above 
one third of the i^ace k has to go through; it ad^ 
vances his m the fecond ; and its motion leflens thus 
gradually, till it appeara ftationary,. which frequently 
happens after feven or eight hours, and it remains 
two or three hours in that fituation* The ivory be- 
ing then become more tranfparent on account of hu^ 
midity, a very thin dew is perceived by a certain play 
of the light on the fwface of the quiekftlver. Laftly, 
the mercury begins to reafcend s the operation is ter- 
minated 1 and fmall drops of water, as I exped:ed, 
are at that inftant fcen upon its furface (26). 

43^ ^ 
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43# I follow the laft fteps of the mercoty in its 
fall, by means of a fine filken thread fixed verj tight 
around the tube. This is left at the loweft pomt it 
has been brought to. If this point be too low, rela- 
tively to the trame of the hygrometer^ firefli mer- 
cury is poured in, and the thread proportionally 
drawn up higher i if too high, I take oflF feme of 
the mercury and lower the thread ; and in both 
cafes make ufe of the horfe hair. This muft be 
done when the mercury ceafcs to fall, m order that 
the j)lace where the thread is to remain may be im- 
mediately determined by this operation. 

44. This point thus fixed is named o In my hy- 
grometer ; it is that in which drynefs is nothing 
(if I may be allowed to exprefs myfelf fo), fince it is 
that of extreme humidity, in a given heat ; viz. that 
of melting ice. From this point are reckoned all 
the degrees I am now going to fpeak of ; which 
thus become degrees of exficcation. 

45. The laft eflcntial operation is that by which 
the fize of the hygrometrical degrees are deter- 
mined; and this I fhall defcribe by an example. It 
muft be remembered that the hygrometer^s tube was 
originally a thermometer (23). I take it in this firft 
ftate, in the Inftance I am going to give. The dif- 
tance between the thermometrical points of melting 
ice and boiling water, at twenty-feven French inches 
of the barometer, was found to be i g^y parts of a 
certain fcale. I broke the bulb of this preparatory 
thermometer^ in a bafon, in order to receive care- 
fully all the mercury that it contained. This be- 
ing weighed in nice fcales, amounted to 2 on. 11 dr. 

li i 2 12 gr^ 
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12 gr. or 1428 grains. AH the pieces of my hy- 
grometer being put together, it weighed 373 grains, 
and when filled with the proper quantity of mercury 
833. It confequently contained 460 grains of 
mercpry. 

46. By the rule above given (23), the extent of 
the hygrometer's degrees, ought to be to that of the 
degrees in the preparatory thermometer, in propor- 
tion of the refpefti ve weights of mercury in the hy- 
grometer and thermometer ; and confequently as the 
weight of the mercury in the thermometer is to the 
weight of the mercury in the hygrometer, fo is ^tiy 
given interval in the thermometrical fcale, to the 
correfponding interval in the fcale of tlie hygro- 
meter, Confequently in our example as 1428:460 
:: 1937 : 624 (nearly); and the correfpoading in- 
tervals on the fcales of the thermometer and the hy- 
grometer, ought to follow the proportion of 1937 
to 624. 

47. I call the diftance between the two fixed 
points of heat in the thermometer tht fundamental 
interval; and 1 ihall call the fundamental line in 
the hygrometer that of which the length corre- 
fponds to this interval. Thus the fundamental in- 
terval in the preparatory thermometer, being a^^^y 
parts of a certain fcale, the fundamental line of my 
hygrometer confifted of 624 parts of the fame 
fcale. This example may fo eafily be applied, that 
it will be uaneceflary to dwell any longer upon this 
fubjea. 

48. Having thus got z fundamental line in the 
hygrometer, 1 had it in my power to divide it into 
as many parts as 1 thought proper : my choice was 

naturally 
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naturally tol»4et€niiiiieil by the fimplicity oft pro* 
portioii betweoi the degrees cf the thermometer^ and 
thofe of the hygrometer, becaiife this laft was to l^ 
correfted by the firft, on account of the effefts of 
heat (24). My firft thought was to divide this line 
into So parts, agree ably to the divifions of the fun- 
damental interval in what I call the commm ther^ 
mm^ter in my book upon the air, which I fhall al- 
ways be underftood to mean in this ppar% But as 
the minutenefs dfthcfe degrees was round to be in- 
ccwivenknt and fuperiuous, I determined to make 
them double, by putting only 40 in the length of 
my hygrometer's fundamental line.^ It is eafily un- 
derftcxid that thefe degrees, thus fettled, l^gin to be 
reckoned Irom the place of the ^rc»d, which indi- 
cates upon the tube of the hygrometer extreme hu- 
midity, by the heat o of the commm tkrmmteter, or 
of melting ice* 

49. The inftrument with its frame is feen %. 2» 
the dimenfions of which are every way one half of 
thofe of the original. It is mounted on deal, that 
being the wood, which fujfcrs the leaft change 
in the length of its fibres. The lower part of the 
frame is flit through the whole length of the ivory 
pipe, in order that the air may cirmilate freely round 
this pipe, and the bulb of a thermometer which I 
Ihall mention prefently. The hygrometer is faftened 
in three parts •, vix. at bottom on a fmall bracket, 
at top by a tube paffing through a piece either of 
hard wood or of metal fallened by fcrewsi but 
chiefiy by means of a brafs wire on the neck of the 
brafs piece, which unites the glafs with the ivory 
pipe. This piece is laid in a fmall plate of a Iiard 

wood , 
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wood, which in that place fills a groove origmally 
made throughout the whole length of the lead- 
board.. 

50. To keep the duft from getting through the 
opening of the tube, I (hut it up in a fmall ivory 
cale. It cannot be fealed up, becaufe if air was left 
in, it would obftruft the riling of the mercury ; and 
if it was exhaufted, the mercury would be puflied to 
the top by the preffiTrc of tlie atmofpherc upon the 
ivory pipe 3 as 1 have experienced it. 

51. Hence however arifes a fmall inconveniency ; 
which is, that as the upper part of the column of 
mercury communicates with the air, if it remains 
Jong in the fame part of the tube, or moves' but 
Jittle in it, fome dirt may be left on the fides. This 
I eafity remedy, by means of a brafs wire,^ the extre- 
mity of which is dentated in the form of a file, in 
order to hold fome bits of cotton, which I put round 
it. The wire IS eafily introduced into the tube, by 
means of the widening mentioned before (35). I 
put it in, when die mercury is below the part it has 
foiled, and eafily clean it by this me^ns. Itr is on 
this account that the tubes to be employed are to be 
of iboutl- of a line internal diameter. 

52. The fcale of the hygrometer is marked upon 
a deal flip, which Aides along the groove I mentioned 
before (49). This, as well as all the other parts of 
the frame, muft be lined with paper, to mark the ne- 
ceffary fcales ; and this paper is afterwards varniihed 
over. Thin plates of filvered brafs can be employed 
for the fame ufe. 

53. The mobility of the fcale of the hygrometer 
fcrves to corred, in the obfervation itfelf, the cffedt 

^ of 
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of the heat on the mercury. At the top of this fcale 
is feen an index, over-againft another fmall fcale, 
marked upon the unmoveable part of the frame. 
The degrees of this fmall fcale are eightieth parts of 
the fundamental line, and confequently immediately 
anfwer to the degrees of the thermometer on the 
fame frame (48), When the index points to oof 
the fmall fcale, the thread which indicates upon the 
tube of the hygrometer the point to which the mer^ 
eury funk in the melting ice, anfwers likewife to oin 
the fcale of the hygrometer. This is the cafe ex^ 
prefled in the figiare wherein the thermometer is 
likewife reprefented at o of its fcale. By firfl ob- 
ferving the heat therefore, and condu(9ting the index 
to the point of the fmall fcale, which anlwers to the 
aftual degree of the theriiiometer,. the hygrometer 
will only indicate upon its fcale the degrees of the 
humor. For this fcale going through the fame va- 
riations that the heat occafions in the height of the 
column of mercury, the indications of the hygro^ 
meter become juft the fame as they would be, if tha 
heat always continued that of the point it which ex- 
treme humidity was fixed, viz* o. of the common 
thermometer. 

The fcale of the hygrometer is carried to the pro- 
per point, by means of a knob fixed on a fmall 
piece of hard wood or metal, fcrewed to the bottom 
of the board, and which affords a freepaffage to the 
tube of the hygrometer. 
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Account gf /l^^jfr/f Observations made on the 
going of this Hygrometer. 

Read June lot 54* My firft hjgrometer was ready for 
^77^^ obfervation at the beginning of laft Fe- 
bruary (1772), in a rainy feafon. A few hours after 
it was taken out of melting ice it was already at 54 
degrees of its fcale. The next morning it was only 
at 50, but towards noon it rofe again to 54. I car- 
ried it down to my cellar, which being a confiderabla 
depth uncfer ground is commonly very damp. As I 
went down the flairs, I perceived that my hygro- 
meter continued falling, fo that when I hung it up in 
the cellar it was as low as 35. 

^^. In the evening of the fame day it was at 284., 
and the next night at 2 \^. It continued falling im- 
perceptibly during the reft of this month, throughout 
the whole of the next, and till the 19th of April. On 
that day it was at 34, and confequeotly very near ex- 
treme humidity : but in this interval it had very often 
rained, and fnowed, and even when the iky was clear 
over head, the ftreets had always remained wet, fo 
that it was evident from all the common appear- 
ances, that the humidity had gone on coniiderably 
increafing in the cellari 

56. I was impatient to fee the hygrometer rife 
again in the cellar itfelf, which I could not however 
cxped but with a north wind. At length, on the 
20th of April, tho gh the rain ftill continued, the hy- 
grometer rofe half a degree, in the night of the 
aoth to the 2ifl: the wind came about to the north, 
and when I looked at my hygrometer in the morn- 
ing, I found it at 6i-. It continued rifing imper- 
ceptibly 
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ceptifel^ the wii6le df that daf , an^ iiei»a* niora^ 

5 f. Aiiodber circraii^nce 1 was ai3K«biis to know^ 
m%%y whether the hygrom€ite% ^^ftrar ha^tug been 
kept in the oeHar fo ItMigvWsali tA^ wf^Dh being €^r^ 
ried up iairs agabi to the pamt froto iwftiicfe it had 
fallen V The iniportance ctf thfe mew ofefer vi^on 
prevented me iron* purfabgAat I had begm. in the 
cellar^ I therefore took my hy^meter cAit of \% 
a^nd while I was going-up me ftair^ il r0fe three de- 
grees. This was m&sL o'^ck in the moirning; At 
teven it was Mready at 1 7^ &nd ^ e^t at 2311% Prom 
eight to eleven it fofe to 43^ and at one o'clock 
ftood at 63. After thi§ it leMl againi and a* lirif ^1 
hour after €ve was no higher than 50. The iky had 
been eteuded during the laft interval* 

As the preceding obfervsrtions relate ofilf to tlie 
hygrometer^ and not t<> hnmidity, I fliall confine 
myfetf to them^. They at e fufficient to give an idea 
of the going of the inftrumtoit in the fcafon they 
were made. I (hall here^ter give an accc^nt of 
fome oMervations taken at other feafons. 

First Experimei^ts imde m Mjco^^ 

tf iBis In sTjRti MBn *• 

5S. The moft idiportant thing^ter the preceding 
obfervations, w^s, ti5 try whether the inftrument wat 
in reality comparable. To afceiftain this, I inime- 
diately conftrufled four more up©n the fame prin- 
ciples, which were ifinilhed on the i^d of Augiril^ 

59^ i could not nfe my firft hygrometer to make 
comparative difervat&ms with the new ones j kstiibe 

Vt)L. LXIIL K k k being 
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being either too narrow or too (hort The pro|X)r* 
tion I had fettled between the capacity of this tube-, 
and that of the ivory pipe, was deduce^ from the pre- 
liminary experiments I had m^e in the month of 
December (29) ; and had of courfe been found juit;, 
as long aa the fpring laftedr But even before the 
new hygrometers were completed, the quickfiherhad 
rifen in the firft fo as to tun out of the top of the 
tube. This, joined to fome other previous obier;ta-» 
tions, which had convinced me that the diminution 
of the humor js much more confiderable oh moun*- 
tains than in plains (76)^ induced me to fix the-di- 
menfiohs of the tube of the hygrometer in tlie man^ 
ner laid downin thedefcriptionof the inftrument.. I 
had been, in time to follow thefe dimenfions in the 
conftrudion of my new hygrometers, fo that whea 
they were brought from extreme humidity to the 
ftate of the air in my apartment in the month of Au- 
guft, the quickfilver did not rife too high in them ^ 
that is, it remained fufficiently below the top of the 
tubej, to indicate lefler degrees of humidity afterwards. 

60. The .four mw hygrometers^ have .been con- 
ilrudted with as little reference to each other, as if 
they had been made in different countries* By 
comparing them therefore, I have been enabled to 
judge of what might be expeded from the agree- 
ment of inftrunaents of this kind. This is what I 
have found. 

When I have obferved them in places where ifc 
appeared likely that the humor would be equally dif- 
tributed among them, the utmoft of their difference 
has been ufually from 19^ to aj[. Their greateft 
height, for inllance, in my room with the window s^ 

fliut^ 
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fhut, has hitherto been 94, ppi.^ loof , 105I, in the 
fame moment 5 which is pretty nearly in the pro- 
portion of 19 to 21, between the hygrometer which 
remains at the loweft, and that which is at the 
higheft. 

^ 61. Beiides this difFerence between the relative at- 
titudes of thefe four inftruments, I have obferved 
another kind of irregularity in them, which is, that 
they do not always preferve the fame proportion to 
each other, Thefe variations are undoubtedly in 
part owing to the caufe itfelf of their motions 5 that 
IS, to the unequal diftribution of humor even in 
places very near each other 5 but I have reafon to 
afcribe part ofthem to fome defcS: in the inftru- 
ments themfelves. I fhall hereafter return to theie 
caufes, and give them a clofer examination. 

Considerations on fh Degree of AccvRjiCY 

that has been obferved. 

62. Notwithftanding the defeds I have mentioned 
were rather evident, I was not dijfTati^fied with this 
firft trial. 1 never imagined that I had forefeen every 
thing, and confequently could not expeft to arrive 
at a fufitcient degree of exaftnefs vvithout the help 
of experience 5 the irregularities therefore which ap- 
peared in the execution, did not make taae delpair of 
3ebg able to perfect that inftrument. 

63. My hopes in regard to this were at firft only 
grounded upon general refleftions. I recoUefted 
what the barometer and thermometer had been when 
they firft came out of the hands of their inventors) 
and obferved that in fome refpeds they wer^ more 

K k k 2 irregular 
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irregular than my hygrometer is at prefen t. Though 
the firft of thefe in ftruments was very fimple in it- 
Mf, yet barometers hung up in the fame places ufed 
to vary three or four lines from each othen Some 
of the members of the French Academy have been 
themfelves engaged in confidering a barometer that 
alveays kept i8 lines below the reft, and they hava 
formed various hypotkefes to account for this drflfer- 
ence. The variations therefore of the barometer, 
though obferved only in the lame place, were much 
greater than thofe between my hygrometers. 

64. ^QV was the thermometer itfelf, which is 
now brought to fuch a degree of accuracy, much fu- 
perior at frrft. to our hygrofcqpes, for the purpofe of 
comparative obfervations. The firft philofophers wha 
treated of it knew nothing of any nxed point or de- 
termined degree in it ; they knew nothing even of 
the efted produced by the difference of liquids. In 
this ftate of uncertainty the Royal Society adopted the 
moft prudent plan that could be thought of j by 
giving its fanftion to a thermometer to ferve as a. 
ftandard for the conllruaion of thofe vrfiiclx pbilo^ 
fophers (hould make ufe of. After this fome men 
of genius endeavoured to eftablifh fixed principles for 
the making of this inftrument. Sir Ifaac Newton led 
the way, but the utility of his fiffl attempts was not 
fufficiently attended to. Fahrenheit and Reaumur 
then laboured with great care to fettle this point, and 
we are much indebted to their inquiries. But Fah- 
renheit's principles were foon rejedted, as being too 
uncertain, though his fcale was preferved; and Mr* 
de Reaumur's, though in appearance admitted for a 
longer continuancci were in fadt ib indeterminate^ 
2 that. 
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tbat, without perceiviag it, a deviation from 80 to 
104, was made in the fpace between the two funda- 
mental points of his thermometer. 

65. If in the fame manner we trace the origin of 
all inftruments defigned for nice menfuration, we 
fliould find that have all been defeftive at firft, and 
gradually brought to perfedtion, when men of genius 
have thought them worthy of their attention. Thus 
from the £rft watch^ which depended entirely upon 
the unequal and uncertain a£bion of a fpring, a fuc* 
ceiSon of attempts has produced Mr. Harrifon*s 
valuable time-keeper j and from the iirft balances, 
which were either too heavy, or too light, we have 
attained to thofe fcales of Mr. Matthey ^ as eafily 
turned as they are accurate. What however is 
ftill more aftonifliing is, that, notwithftanding the 
importance of having fixt meafures for the dimen- 
lions of bodies, we have not as yet ufed any in 
praftice, but fuch as muft be modeled immediately 
from others. 

It is true, that in the conftrudion of an Hygrome- 
ter, I was aflifted by the general notions of regularity, 
gathered from the conftrudion of other meafures 
of the fame kind; and of courfe my hygrometer 
is much forwarder in this refped than the ther- 
mometer, for inftance, was in its origin. I there- 
fore only compare the difficulties peculiar to the hy- 

* An excellent mechanic, whofe death is a !ofs to a king 
who knows the value of men ot merit. He was a native of 
Vale-Orbe, in the Pays de Vaud,and in the ferviceof his Sardi- 
nian Majefty ; and has written a Treaitfe on Balances^ which 
fervcs as a law to all the fcale makers in the dominions of that 
prince. 

grometer, 
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grottieter, to thofe that firft occurred in alimeafures 
of phyfical caufes i and I think that as the latter have 
been furmounted, we ihould not defpair of con- 
quering ihe fwmer. In a word, it is certain that all 
our inventions only approach towards f^rfeftion by 
degrees, without ever attaining to it entirely i and 
for this very reafbn, we have a right to expeit they 
will always be drawing nearer and nearer towards 
it. 

Upon thefe notions chieiy, I have raifed my 
hopes, either that my hygrometer will in time be- 
come more perfe€l:, or at leaft that it may excite 
new ideas, which, will at length, though perhaps by 
fome other road, lead us to a true meafure of the 
humor. As the hope of attaining an end, is one 
of the moft powerful afliftants towards really ar- 
riving at it, I flatter myfclf at leaft that I lliall have 
given birth to a reafonable one upon this fubjedt. 

Fir^ Fiems to improm the Hfgrometee. 

66. The idea I entertain, that it is neceflary a 
number of attentive men ihould concur, to improve 
the human inventions 5 has induced me £rft to men- 
tion the general reafcns I had, for hoping that the 
hygrometer would be perfe£led. I (hall now pro- 
Cised to give fome particular reafons on which this 
hope is founded, and which are collefted from the 
remarks I have already made upon my inftrumeiit^ 
during the little time 1 have had to obJerveit* 

The firft, and one of the moft important of thele 
f cmarks. Is, that the ivory pipe belonging to that 
hygrometer which is alway> the highcft upon it$ 
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feale, happens at the fame time to be the thitonefl 
of them all. What connexion there may be be- 
tween thefe two circumftances, muft be determined 
by experience* But in the mean time it appears to me 
that if the fibres of the ivory are interwoven with each 
other I they will make fo much the lefs refiftance 
either to the being feparated or brought clofer to 
each other, in proportion as the bundles of thefe 
fibres have a lefs degree of thicknels. Whether 
this remark is of confequence, or not, we fhall at 
leaft run no rifque in making thefe ivory pipes al- 
ways exactly of the ifeme thicknefs. This indeed 
was my intention in thole which I have made, but 
unfortunately I thought I Ihould have been able 
to turn them upon cylinders of hard wood| and 
found too late, that no accuracy could be expe€led 
from this method. It was to remedy this incon- 
venience, that, in Ipeaking of the manner of turn- 
ing this piece, I have recommended brafs cylinders 

67. The fame precaution h likewife neceffary to 
be taken, that we may be certain of giving to every 
pipe an equal degree of thicknefs throughout the 
whole of its circumference : a circumflance no lefs- 
eflentlal than the former 5 fince I have obferved in 
thofe of my hygrometers whofe pipes have not an 
equal thicknefs, that they bend, more or lefs ac- 
cording to the degree of humor to which th@y are 
ex poled. 

This is probably the principal caufe why thefe 
inftruments do not always preferve the fame pro- 
portions to each other (58), For the pipes not bend« 
ing according to the fame law, there muft be an ir- 
regular 
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regular change in their capacity, and confequently 
in the height of the mercury in the tubes. The 
differences of this kind which I have had occafion 
to obferve,. are not indeed very confiderable; but^ 
however trifling the caufe of an imperfe£lion may 
be, it is ftill ufeful to remove it 5 were it only to 
affill us in difcovcring caufes of greater imperfedions^ 
by making their effefts the more evident. 

68. But to make the ivory pipes keep ftraight, 
we muft attend to a circumftance ftill more impor- 
tant; which is, that the texture of the ivory be the 
fame in the whole circumference of the pipe. There 
is afenfible diflference in the organization of the ex- 
ternaU middle, and internal parts of the fame ele- 
phant's tooth : nor is it impoffible that, befides this 
difference in the nature, and vifible arrangement of 
its fibres, there may be another arifing from their 
degree of tenfion ; fo that fome fibres may be rporc 
difpofed than others to relaxation, after the tooth 
has been cut to pieces, Suppofe then that any of thefe 
differences fhould exiftina pipe, that is, if one of its 
fides fhould be more porous, or of a weaker texture, 
than the other -, or if its fibres (hould be more dilpofed 
to relaxation ; this pipe will tak^ a bend, either for 
a conftancy, or for a time ; and the hygrometers in 
which it is ufed, will not of courfe agree with the 
others. We muft therefore endeavour to make thefc 
pipes with a part of the tooth that is homogeneous : 
that which I believe to be moft fo, within a certain 
extent, and which for that reafon I have advifed, is, 
the part which is between the center and the furface, 
and at fome inches diftancc from the apex of the 

tooth (30). 

6^0 There 
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6g. Ttiere is another rcafon why this different 
organization of the different parts of the elephant's 
tooth makes it neceffary to determine exadly the 
parts that are to be made ufe of in hygrometer^. 
Without this precaution it might happen that the 
pipes, which ought to be iimilar in every refpeft^ 
might be made of fubftances that really differed in 
their dilatability and fenfibifity ; that is, of fubftancei 
which the humor might affed: more or lefs ftrongly, 
or more or lefs quidcly. This conlideration will per- 
haps oblige us to determine both the fize of the- 
tooth, and the diflance at which the piece ought to 
be cut off from its apex : for the organization may 
with equal probability vary in teeth of different 
thickneis, and from the apex to the bafe; as it does 
in the breadth of the fame tooth. I was not fuf- 
ficiently certain of the fuccefs of my inflrument, to 
take all thefe precautions when I firfl fet about it> 
but at prefent I believe them to be important. 

70. There is ftill another precaution, which in- 
deed I thought neCeffary from the begmning, but 
which I could not manage as I wifhed for want of 
proper tools; that is, to perforate the ivory pipe 
cxadly in the diredion of its fibres. For let the 
channel have ever fo fmall a degree of obliquity with 
rcfpeft to this diredion of the fibres, thefe fibres 
will neceffarily be cut in different places; which 
weakening the pipe where it happens, neither itsdi- 
latations nor its contraSions can cf courfe be regu- 
lar. 

71.1 own here are a great number of precau- 
tions ; but they will not furprize true philofophers. 
They are accuflomed to obferve the operations of 
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nature clofely ; and know that the regularity of her 
proceedings is connefied with a forefight whch is 
limited to us, by nothing but the limits of our abi- 
lities in tracing it ; and confequently, when art at- 
tempts to imitate nature, it can only fucceed in a$ 
much as it is attentive to imitate her care. 

72. I believe that the hygrometer may farther 
acquire a perfedion of the fame kind as that which, 
in conformity to an idea of my worthy friend Mr. 
Le Sage, I have given to the thermometer ; that is, 
that "we may make its degrees correlpond with equal 
differences in the humor ^ as I have made thofe of 
the thermometer correfpoad with equal degrees of 
heat, The way in which I think this might be done, 
would be to fufpend near one of the hygrometers, in 
a proper veffel which fliould be placed in one of the 
fcales of a balance that turns very eafily, fome fub* 
fiance remarkably greedy of the humor ; the aug- 
mentations or diminutions of weight in which fob- 
fiance, might be compared with the going of the 
hygrometer, firft in the fame, and afterwards in dif- 
ferent degrees of heat. I hope too, that by a fre- 
quent repetition of thefe obfervations, at times when 
the variations of the humor are more or lefs fudden, 
we fhall at laft fucceed in correcting the errors that 
may attend them, from the lofs of its own matter 
the fubftance made ufe of may probably fuffcr by 
evaporation. 

73. Thefe are not the only remarks I have made 
upon my inftrument, but 1 did not care to mention 
any but fuch as have appeared to me moft certain. 
The others are uncertain, and require longer obfer- 
vations. I fhall only add therefore, that it will ftill 
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bra^ceffiiry to make frefli experimentSs in order to 
dat^niifi^ the lengtii of time that the ivory pipes 
Ou^t; to remain in water, and bow long they muft 
jrftef waji^ds be e;cpofed to the viciffitudes of the air (28), 
or ift general to what preparation they muft be fub* 
mitted> in carder to acquire a lading degree of con- 
Mtjnce before they are made ufe of. For this pur* 
pofe it will alfo be expedient to compare hygrome^ 
ters recently mgde, with older ones, both to a fee r- 
tain whether they have undergone any alterations, 
and in what degree. I Ukewife am of opinion, that 
when we wiih to fix the point of extreme huini*- 
dity, we muft be very careful not to.make ufe of 
any ice but what is very clean, as well internally as 
externally; left any duft {hould ftick to the ivory 
pipes, which might hinder the water from pene- 
trating into the pores : this is what I thought of my- 
felf too late. I do not know whether for the fame 
reafan it would not be right to wafh thefe tubes 
with fpirits of wine before we put them into the 
water, to remove any greafy fcurf they may have 
gathered by handling ; and afterwards to repeat this 
at times, in order to carry off any little depofitof 
various kinds, which may in courfe of time have 
been left upon them by thef air. Moreover it will 
be right to inquire whether there is not a difference 
between the effe(Ss of the heat upon the ivory of 
the hygrometers, and upon the glafs of the ther- 
mometer, fenfible enough to be attended to, in cor- 
reding the effcds of this caufe upon the hygrome- 
ter. 

74. Having already difcovered fo many caufes, 
more or lefs probable, of the differences I obfervcd 
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in my hygrometers, I think it reafonable to hope 
that this inftrument will receive a fenfible degree of 
perfeflion on a fecond trial ; and that in time it will 
be brought to a fuffkient degree of accuracy. It is 
true there are fome difficulties in the way of this: 
but have we not fufficient motives for endeavouring 
to overcome them ? The air we breathe, and that 
whidi furrounds us ; the places we inhabit, and 
thofe which fcrve either to enclofe or to preferve 
fo many diflferent bodies intended for our feveral oc- 
cafions, are all of ihem more or lefs filled with that 
fubiiance, dififerently modified, to which I have given 
die name of humor ^ It alfo produces very fenfible 
cffeds in them j fome of which very properly excite 
our curiofity, others may be turned to our advan- 
tage, and many of them effentially affe£l our health. 
It is therefore of great confequence to natural pbilo- 
fophy in general, and to ceconomy, and medicine, in 
particular, that we fliouid obtain a meafure by which 
we may, with fome degree of certainty, eftimatethe 
local and a(3:ual qualities of this fuhftance, and by 
this means forefee its effeds ; which for the gene- 
rality we only become acquainted with after they are 
produced^ Thefe fclences are not perhaps lefs con- 
cerned that we ihould difcover the nature itfelfof 
this agent, and the different manners in which it ope- 
rattfii : the knowledge of which may enable us to 
avail ourfelves of rcafon in the inveftigation of cer- 
tain cfFefts, whi^b^ without fuch helps, might efcape 
our obfervation. As thefe are the feveral ufes of an 
exaft hygrometer, we may readily perceive how 
many new tracks fuch an inflrument may open to 
my in our inveftigations of nature, which however 
2 w« 
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vw (hall not owe to one mm alone, but to the joini 
labours of feveraL 

Jiccount of fame of the frjl Thanomena of the 
Humor obferved with the Hygrometer. 

"j^. Though my firfl advances in this new track 
of obfervation are as yet very uncertain, yet I will 
not omit giving fome account of them. They will 
at kaft ferve to give fome idea of the going of the 
inftrument, as well as of the nature of the agent by 
which it is governed^ 

The firfl obfervation I attempted of this kind was^ 
with a view to one of the objefts which made me 
defirous of having an hygrometer. Thefe objects 
are all comprized in a general fyftcm concerning 
vapours, which I have given in my work upon the 
Modifications of the Atmofphere* I fliall therefore 
only mention here one particular confequence of that 
fyftem, which it was my immediate point to verify y 
namely, that a certain augmentation of heat, we 
always perceive at every feafon upon the approach 
of rain, is owing to a more than ordinary quantity 
of vapour ; and that, on the contrary, it is to their 
diminiflkd quantity that the lefler heat of the upper 
parts of the atmofphere is in great meafure to be 
afcribed. 

76. This latter confequence- was fupported by an 
accidental obfervation I made in September, 1770, 
upon a mountain of the Eaucigny, at the height 
of 1560 toife^ above the level of the fea.. An irom 
ferule, which ferved to unite the ends of a cleft 
ftick, and which had been fixed on the ftick with a 
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htmrner u|K»n the plain, in fine weather, came off 
of itfelf upon the top of the mountain/ When this 
happened, the thermometer, which I called common, 
though expofed to the fun, was only three degrees 
above o i while on the plain it was at 1 8 in the 
fhade. Thisphaenomenon, joined with feveral others 
I obfervcd at the fame time, confirmed me in my 
opinion, that one of the reafons why the upper parts 
of the atmofphcre have lefs heat than the lower, is, 
that they contain lefs humor. 

77; With this notion, it became a very intereft- 
ing inquiry to know the diftereiit degrees of humi#* 
dity habitual to the dillerent heights of the atmo- 
phere. Of courfe therefore this was the firft obfer- 
vation I thought of, as foon as I had added an hy- 
grometer to the other inftruments contained within 
the box of my portable barometer. I undertook 
therefore to afcend Buct (the name of that high 
mountain) a fecond time* My companions in this 
expedition were Mr. Dentan, a very intelligent young 
philofopher, and my brother, who, having aflifted 
me in all undertakings-of any difficulty, had been a 
witnefs of that fad which was the objed of my pre- 
fent refearches. 

yd. At our fctting out, on the tgth of laft Auguft, 
the hygrometer was at 86 in my apartment, and the 
barometer at 27 p. i line. We were in hopes of 
fine weather, becaufe it is generally fair in this coun- 
try when the barometer at Geneva is above 27 
French inches. Soon after we fct out, we began to 
perceive iiat the power of the fun was greater than 
might have been expeded for the feafon. From this 
circumftance I coiK:luded that the barometer muft 
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fall, and in fad we found it lower at every place in 
our way, where we had before obferved it in fine 
weather. The fky, notwithltandihg, was ftill clear, 
and continued fo the next day, when we began to 
afcend the aiountain, about two o'clock in the after- 
noon, in order to pafs the night in the higheft cot- 
tages, that we might have more time to gain the fum- 
init the next day. 

79. Before we left Sixt (an abbey at the foot of 
the mountain), I expofed the hygrometer in open 
air, and in the fhade it flood at 94. The thermo- 
meter at the fame time was at 19 in the fliade, and 
at 24 in the fun. At five o'clock we reached a 
place above 300 toifes above the abbey j commanded 
on all fides by mountains, and on that account called 
Les Fonds (or The Bottoms). Here we obferved 
the thermometer and hygrometer* The former, 
when isxpofed to the fun, fjtood at 15^, and the latter 
rofe to 96 in the fhade. We obferved them again 
in the fame manner about half an hour after fix, in 
a place that was pretty open, and higher by 160 
toifes than the former. The thermometer flood at 
15, and the hygrometer at 106. It wanted but a 
quarter of nine, when we came to the cottages 
where we were to pafs the night; though they were 
not above 30 toifes higher than the place we flopped 
at lafl:. The higher we went, the clearer the flcy 
appeared ; in fo much that, notwithflanding the 
ufual augmentation of humor in the air after fun- 
fet, when the fky is not clouded, upon expofing the 
inflrument to the air, about .i after ten at night, we 
found the hygrometer at 123, and the thermometer 
at i3|. Tliey both fsU in th« night, and on our 
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ictting out the next morning> the former had got 
down to 109, and the latter to 12. 

80. In the two laft mentioned obfcrvations the hy* 
grometer had been expofed long enough to the open 
air, to confornni itfelf to the degree of humor preva- 
lent in the place 5 hut we had not time for the ob- 
fcrvations I was mofl: defirous to make with accu- 
racy. The hygrometer being ufually^ fliut up in the 
box of my barometer, it would have been neceflary 
to have left that open fome time, in order that it 
ihould adapt itfelf to the ftate of the air, and we 
could allow but a very fhort time for thefe obfcr- 
vations. 

81. The firft of them was made at nine in the 
morning, at the height of about 1 000 toifes above 
*he plain. The fky appeared clear over head, but 
the plain was darkened with vapours. The ther- 
mometer in the fun ftood at 13 1, and the hygrome- 
ter rofe to 1 1 5 in the (hade. 

52. It was two in the afternoon when we reached 
the top pf the mountain, which is always covered 
with an enormous mafe of ic^ and fnow. We found 
there a very ftrong fouth wind, which is flie warmeft 
wind in our plains^ befides this, we were nearly at 
the hotteft time of the day : and yet the thermometer, 
upon being expofed to the fun, (hewed only 6. The 
wind, and the coldnefs of this region, obliged us to 
quit the fumtnit in a quarter of an hour, during 
which the hygrometer had rifen only to 119 5 but 
we judged that it was not yet ftationary. 

83. In this (hort time we experienced a new effed 
of the dimini(hed hutnidity of the air, which fur- 
prized us all three very much. We found our ikin 
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withered and pale, fo that both to the fight and to the 
touch, it refembled much a dry and fhriveled blad- 
der. J^otwithftaoding this we were fenfihle of no 
other inconvenience but what arofe from the wind 
and the cold : the adion of the lungs and the fune- 
tions of all the other parts of the body were perfe€lly 
fre^, though the barometer was only at 19 iriches^ 
6 lines and a half. 

84. We quitted the fummit at about a quai-ter af- 
ter two, to flielter ourfelves from the wind behind 
fome rocks, which were nearly 50 toifes lower. Here 
we ftayed about an hour. Daring this time the hy- 
grometer, expofed to the air, but always in the ihade,. 
rofe by imperceptible degrees to 1321^. It would 
probably have rifen higher, had not we been obliged 
to quit this place, where the clouds began to gather, 
in order to reach the cottages before night. It was 
indeed already too late before we thought of retiring; 
for we were overtaken by the night, and a thunder 
ftorm, at a fufficient diftance from our hut toexpofe 
us to the greateft danger of being loft, notwithftand- 
ing our guides, but for the afllftance of two women, 
whofe humanity deferves the higheft commenda- 
tions. Thefe women, v^^ho lived in our cottages, 
being apprized of our diftrefs by our cries, notwith* 
{landing the ftorm, and the fcarcity of wood in thefe 
places, came out to kindle a great fire at the foot of 
the rocks on which we were wandering amidft the 
precipices, in total darknefs ; and fometimes with 
great difficulty keeping the fire alive, Ibmetimes ad- 
vancing towards us with fire-brands till the wind 
and rain extinguiChed them, and endeavoured, with 
the moft unaffeded concern, to point out to us the 
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path we ought to keep. At laft, animated by the 
courage of thefe women, di reded partly by their 
lighlt and partly by their cries, we at lengthTcached 
the cottage, much more affeded with the humanity 
of thefe good people, than hurt with the dangers and 
fatigues we had undergone^ 

S^* The ftorm lafted a great part of the night, and 
it rained almoft without intermiffion. Notwith- 
ftanding this, the hygrometer, when expofed to the 
air the next morning, flood at 105, and the thermo- 
meter at 10. As we were uncertain how long the 
rain would continue, we fet out at eight in the 
morning on our way down. The rain hardly ceafed 
the whole morning, and was fometimes accompanied 
with hail ; it ftill continued raining when we arrived 
at the abbey about noon, notwithftanding the hy- 
grometer ftood there at 99, that is to fay, five degrees 
higher than when we fet out ; but the barometer, 
which had fallen the two preceding days, was now 
beginning to rife; the thermometer was at 14, 

86. We learnt at Sixt, that, at the very time we 
were driven from the fummit of the. mountain by the 
difagreeable coldnefs of the air, they had felt an eX"* 
ceffive degree of heat, and like wife that the ftorm 
had been very violent in the night. This ftorm, as 
we found two days after at Geneva, had extended it* 
felf all over the plain. We found likewife, from 
the obfervations that had been made there in our ab- 
fence, that a thermometer expofed to the north, con- 
fequently out of the fun, had been at 23 1, at the 
very time that ours, at the top of the mountain and 
in the fun> had been only at 6* 

87. Ap,. 
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8/. As, in mentioning the particular purport of 
the foregoing obfervations, I have not explained my 
fyftem concerning vapours, I (hall not here flop to 
draw the cohfequences that may be deduced from 
them in favour of this fyftem* Indeed, to fay the 
truth, I-think them too few and too imperfed to 
conclude any thing from them as yet. I have only 
related them, as 1 declared at firft, to give a general 
notion, both of the going of my hygrometer, and of 
the inquiries that may be purlued with its afliftance. 
It is with the fame intention that I proceed to relate 
fome obfervations of another kind. 

88. Some accidental obfervations had made mc 
fufpedl that the immediate aftion of the fun upon 
my hygrometer produced a drying, which might not 
be wholly occafioned by the real ftate of the air with 
refped to the humor, but might depend in fome 
meafure upon fome lingular property of the folar 
rays, which we fee produce effefts upon fome bo- 
dies, not immediately to be accounted for by the or- 
dinary laws of heat. This firft remark induced me, 
as I have taken care to mention, always to obferve 
the hygrometer in the fliade upon the mountains of 
Sixt. At my return, I determined to examine more 
accurately whether my conjedure in this refped had 
any foundation. 

89, The firft thought that occurred to me for this 
purpofe was, to obferve two hygrometers at the fame 
time, one in the fliade and the other in the fun, very 
near each other, that the fame air might circulate 
freely round them. The air of the country having 
appeared to me more proper for this obfervation than 
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that of the town, I determined to obfer?e at the fame 
time the variations of the humor in the open air for 
a whole day together. There are doubtlefs many 
varieties in this refpeil j nor indeed Ihall I determine 
from this obfervation, any thing more than the AUfi 
of the open air during one day, and in one parti- 
cular ipot. 

90, I made my obfervatlon the 13th of Septem- 
ber 1 772, in a garden fituated to ihe weft of our 
lake, and only feparated from it by another garden 
and fome buildings. There I hung up a couple of 
hygrometers which I kept perfedly infulated, one of 
which had no other frame but a fcale fixt to its tube, 
and the other was in a frame whofe opening at the 
height of the ivory tube was of a confiderable lize. 
They were four feet and a half above the ground, 
and at the diftance of a foot from each other. A 
piece of pafteboard about 12 inches in breadth, 
placed at a foot's diftance from the hygrometer which 
was not mounted, was intended to ftielter it from 
the fun. Each hygrometer had a thermometer clofe 
to it, the ball of which was not in contad with any 
thing* I have proved in my work, that it is ne- 
ceffary to keep this ball infulated, in order to obferve 
the heat of the free air, 

91 . One of the hygrometers I made ufe of for 
this obfervation, was at 93, and the other at 961 
in my room the night before. In order to correift 
this difference, which I Ihould fuppofe to be in pro- 
portion to their height, I would always add about 
.^.!^ to the height of that one which kept itfelf the 
loweft, that there might be no difference between 
them, but fuch as fliould be produced by the dif- 
ference 
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ference of the quantity of the aftlon of the humon 
The hygrometer which remained at the loweft was 
the one that was always in the fliade, and was not 
mounted. It was the fame upon which I had made 
my obfervations in the mountains of Sixt. I fuf- 
pended theoi" both in the garden I have been fpeak- 
ing of, about 6 in the morning i the plants were 
covered with dew; the fun, being juft rifine, could 
not yet ftiine on the garden. As foon ,as the hygro-- 
meters were expofed in the open air, they both fell 
very rapidly, but the one which was without the frame 
fell much fafter than the other. They both were 
continuing to fall, when the fun began to fhine in 
the garden. The following is an account of their 
progrefs, and of that of the thermometers during 1 9 
hours. The adion of the heat upon the mercury 
of the hygrometer is corrected upon each of them, 
from the oblervation of the thermometer joined to it> 
lo that there .only remains that of the humor. 
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A Table of Observations made on the 13th of 
September, on two Hygrometers, the one in the 
Shade, and the other in the Sun, each of them ac- 
companied with a Thermometer. 
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§%^ The firft circumftance In thefe ot>fer?atiOES 
that deferves to be noticed, is the .difference in the 
linking of the two hygrometers when they were 
ex|X)fed to the air, before the fun Ihone in the gar- 
den» They both of them fell conliderably, but one 
of the two 7 degrees and a half lefs than the other* 
One of the caufes of this difparity is probably in 
the inftruments themfelves, and is owing to their 
being differently af eded by the aiSiion of the humor. 
There is a difference of the fame kind obfervable in 
the thermometers, which are likewife more or lefs 
fcnfible to the imprellons of the heat even when 
the bulk of their liquid is the famei that is to fay, 
they are aAed upon more or lefs quickly by the de- 
gree of heat which furrounds them, according to the 
thicknefs, or even according to the nature of the glafs 
of which the ball is made. Confequently it is pof- 
fible that the different thicknefs or porofity of the 
i?ory may have had fome influence on the going of 
the hygrometer in this obfervation (66 and 69). 

93. But thefe differences in the ivory pipes mull 
produce a much greater difference in the fcnfibility 
of the hygrometers, than thofe of the glafs balls 
can produce in the thermometers ; becaufe it is much 
more difiicult for the humor to penetrate the ivory, 
than for the heat to get through the glafs. So that 
any encreafe of the obilacles retards the introdudion 
of the humor, much more than that of the heat; 
and confequently the difference of fenfibility mull 
be more difficult to be prevented in the hygrometers^ 
than it is in the thermometers. 

This flown efs of the humor in pervading the 

todies into which it iniinuates iifcif, makes it a de- 
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Arable circumftance, that the ivory pipe of the hy- 
grometer fhould be the thinneft poffible i in order that 
it mtght be more readily afFefted. This I had fore- 
men, before I had learnt it from experience i but I 
was afraid of its being attended with ftili greater in- 
conveniences than that it was intended to remedy i 
from the action of the mercury againft pipes whofe 
lides would be thinner. However, this might be tried. 
In the mean time, I fancy that, for obfervations in 
which it is abfolutely neceflary that the inftrument 
fhould cafily be affefted, lefler hygrometers might 
be made, whofe tubes containing a iefs quantity of 
mercury, would refift the adion of it, though with 
a Iefs degree of thicknefs, (Perhaps it would not 
be impoffible to ufe tubes made of fome very thin 
quills.) I cannot yet afcertam whether thefe little by- 

fometers could be graduated by themfelves, or whe- 
er they muft be compared with thofe of which 
I have given the dinienfions; this we fliall learn 
from experience, 

94. The difference there is between the heat and 
the difcretc humor in the power of diffufing itfelf, oc- 
cafions in another refpeft a confiderable difference ia 
the goings of the thermometer and hygrometer. 
The heat is brought into a ftate of equilibrium much 
fooner and with much greater certainty than the 
humor. Two thermometers accurately conftruded 
and fixed near each other, in a place where the heat 
does not change very fuddenly, always agree to* 
gether* This is not the cafe with two hygrometers: 
they fcldom agree, that is, they feldom preferve the 
fame conformity to each other, when there is the 
leaft variation in the humor : at fome times their 
difference increafes, at others it diminiflies 1 tliis can 

only 
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only arife from a difference in the cauie that ads 
upon them. 

95, We may form our ideas of the manner, in 
which the invifible humor diftributes itfelf ; from 
that in which all kinds of vifible vapours arc dif* 
fufed. We fee them feparate, re-unite, fly off from 
certain places, rufh into others, and in (hort yield 
to every impreffion of the air. The motion pecu- 
liar to their own particles, which I look upon 
as the caufe of their elafticity *, is not fufficiently ra- 
pid, and the vapours themfelves are too thick to 
overcome always the contrary motion of the air. 
This,! believe, ia what conftitutes the chief difference 
between vapours, and the igneou? fluid, as far as 
relates to the power of putting themfelves into a 
ftate of equilibrium in the ^ air, which is moving. 
The current of air carried towards a chimney which 
has fire in it, frees the room from fmoke, and is 
but a very flight impediment to the diffufion of the 
heat through it. 

96. Though the invifible vapours by realbn of 
their exce (five thinnefs are more capable of being 
put in equilibrium in the air than the vifible ones, 
they are very far from having this property in as 
great a degree as the heat. Which leads me to 
think, that part of the difference obferved between 
my hygrometers, even before funrife, may have 
been owing to the unequal diftribution of the hu- 
mor, though the two inftruments were only at the 
diftance of a foot from each other, without the in- 
terpofition of any folid body. 

* The fyftem I adopted on that point may be found in my 
nvork upon the Modificatims of the atmofpheu* 
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97* I ^a^^ not attribute intirely to the ^me catjfe, 
the great difference obfer\{ed between my hy^gromc* 
ters, when one was exf?ofed to the funi while the 
other flood in the ihade. The immediate a€lionof 
the fokr rays, or of the luminous heat, produces a 
variety of elFe^s, which, as I have faid before, do 
not appear to follow the fame laws as thofe of dark 
heat. And if I may be allowed to- propofe a con- 
jefture upon this particular pcrfnt, before fuller ex- 
periments have been made, it Ihould feem^ that the 
immediate adion of the folar rays muft occafion a 
greater evaporation than what is produced by dark 
heat, even when they hold the thermometer at the 
fame height. But let the caufe be as it will, we 
fee by this experiment, that in a fedion of air about 
a foot wide, through which the folar rays did nor 
immediately pafs, the adion of the humor upon the 
hygrometer V/as 23, degrees greater than in the 
place round about 5 though that of the heat upon 
the thermometers was only a degree and a quarter 
Jefs 5 which leads us to conceive how many apparently 
fmall caufes may contribute to produce fenfible dif- 
ferences in the diftribution of the difcrete humor, 

98. Another ufe to be madfe of thefe obfervations 
is, to compurethem with thofe that I havemadein the 
mountains of Sixt ; in order to form a better judg- 
ment of the proportion betv^een the different de- 
grees of humidity, in the fupefior and inferior parts 
of the atmofphere. My hygrometer, held in the 
fhade u^pon the &mmit of Buet, rofe to 132!, 
an^iv was not yet flationary. This is pretty nearly 
die greateft degree of drynefs obferved in the hy- 
grometer expofed to the fun in the gardens while 

the 
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the one that remained in the (hade, the i&me upon 
which the obfervation at the mountain had been 
made, was not in fact higher than 103, though 
marked in the table of obfervations at 107 (91). 

99. But the difference between the obfervations 
made upon the mountain of Sixt, and thofe I am 
fpeaking of, was ftill greater by much after fun-fet. 
The 30th of Auguft, at a quarter after ten at night> 
I obferved the hygrometer without fide the cottage 
upon the mountain, and found it at 125 (79) ; and 
on the 1 3th of September following, in the plain, 
it was not higher than 31 at 9, and 24 at 10 o'clock* 
The wind was fouth, and the height of the barome-- 
ter upon the plain, pretty much the fame during both 
the obfervations. 

100. It is true that, notwithftanding the fimila- 
rity of thefe circumftances, thefe obfervations cannot 
be diredlly compared, on account of the difagree 
ment in fome other circumftances. In the firft 
place, the difference of fourteen days at this feafon 
of the year may have produced a fenfible change in 
theftateof the air. There was already, for inftance, 
a coniiderable difference in the degrees of the ther- 
mometer; it was at 13 and | when the obfervation 
was made on the mountain, and no higher than at 
10 on the plain. Befides, at this time of night, 
there would always be an effential difference between 
the upper and lower parts of the atmofphere, even 
though in the day time they flhould have the fame 
degree of humidity : for the vapours being condenfed 
after fun-fet, and thus producing a kind of dew, 
they muft neceffarily defcend, and from this very 
caufe he more abundant in the low grounds than 
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on the Higher ones. 1 fhall add, that though my hy-^ 
grometer was expofed to the open air on the moun- 
tain, as it was in the plain, yet it was not fo much 
inftUated therc, being tied to the box of my portable 
barometer. The difference obferved, however, is fo 
confiderable, that,notwithftanding the concurrence of 
all thefe particular caufes, I cannot but afcribe it in 
ibme meafure to that general one which I have 
fufpefted, namely, that there is comparatively a lefs 
degree of humidity in the upper than in the lower 
parts of the atmofphere, 

101. The pbfervation of the 13 th of September 
leesns likewife to throw fomeUght upon the phae- 
nomena^ of dew. We know that when the Iky is 
cloudy, there is little or no dew, and it has likewife 
been obferved from this very circuraftance, that the 
air is not fo much cooled after fun-fet. The caufe 
of thefe differences appears to me to be, that when 
there are no clouds in the air at fun-fet, or when 
they are difperfcd, the heat of the inferior air, and 
that which rifes from the earth, diflipates itfelf into 
the fuperior regions, and then the vapours which are 
difperfed throughout the air condenfe and fall down 
again in dew; Init when the clouds are continued, 
and thus feparate the inferior from the fuperior air, 
they prevent this diffipation of the heat, and the va- 
pours remain fufpended. And if the Iky grows 
cloudy fbme hours after the fetting of the fun, and 
after the heat has fenlibly diminifhed ia the inferior 
air, it encrcafes again in it j becaufe the heat, which 
continues to rife out of the earth, is accumulated in 
the inferior air. This appears in the obfervation I 
im fpeaking of. The clouds having been fepa* 
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rated for a while, at lo o'clock there was Come deWy 
and the hygrometer fell fenfibly till eleven : but af- 
terwards the clouds doling again, the heat encreafed,. 
and the humidity evidently diminifhed. 

102. I take it for granted here, that the moft 
common and moft plentiful dew proceeds from the 
air, and not from the earth, as fome philofophers 
have imagined* I (hould produce the proofs I have 
colleded of this fadt from a multitude of experi- 
ments, if it had not been done in an excellent paper, 
written by Profeflbr le Roi, On the elevation and 
fujpenjion of water in the air ^. Thefe phaenomena 

of the dew become very interefting examined with 
the help of the hygrometer, and joined to obfervations 
of the degrees of faturation of the air with refpeft to 
water, which have been fo ingenioufly imagined, 
and begun by the author of this memoir. If this 
part of natural philofophy is ever cleared up, as I 
hope it will be, we ^lall be much indebted for it to 
the fagacity of this true philofopher. 

103. I (hall only mention one more obfervation 
I have endeavoured to make with my hygrometer, 
which ought not to be omitted, as it is conneded 
with the principles upon which the inftrument is 
conftruded. It has like wife a reference to medicine^ 
in as much as one of the objefts of that fcience, in 
its inquiries to preferve our health, is to determine 
the eflFedts of water at different degrees of heat upon 
our organs. Ivory being an animal fubftance, the 
effeifts produced upon it by water at different degrees 

* Mem. dc TAa des Sc. de Paris, for the year i75i» 
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of heat, may affifl: us in difcovering thofe which ate 
produced upon our bodies from the fame caufe. 

104* The point o of my hygrometer, as I have 
before obferved (44), is that of the extreme humi- 
dity produced by melting ice. It was therefore of 
fpms importance to know what difference there 
would be in this point, when the hygrometer fliould 
be plunged into warmer water. This I endeavoured 
to find out; and the following is the refult of my 
firft inquiries, 

105, The moment I took one of my hygro- 
meters out of melting ice, I pkinged it into water at 
the heat of 45 degrees of the thermometer that I 
have called common. It fell fuddenly four of its de- 
grees below the thread which marked its height in 
the melting ice, but immediately rofe again, and in 
four minutes reached 8 degrees and a half above tlije 
fame thread. Deducing zzi from the height for 
the dilatation of the mercury (48), there will remain 
14. Confequently the water warmed at 45 degrees 
of the common thermometer, really made the hy- 
grometer fink J 4 degrees below o. 

1 06. Half an hour after this, the watex being at 3 S 
degrees, I found the hygrometerno higher than 6 
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that is to fay, 6| -^ ^ =r — i2|. Confequently 

the true point of humidity indicated by the hygro- 
meter was i 2| below o. Laftly, the heat of the 
water being reduced to 28 degrees the hygrometer 

was at 3 — --- = — I r. I was then obliged to put 

an end to the experiment, which I have not been able 

to take up again fince^ for want of leifure. But 

^ what 
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what has already been obferved is fufficient to fhew 
us that the warmer the water is, the more it dilates the 
ivory (though we fa w that the mercury rofe in the 
hygrometer after having funk for a moment). From 
hence, I fancy, may be drawn this general confe- 
q^ience, already indeed forefeen, namely, that in an 
equal aSiing quantity^ the warmer the humor iSj the 
more it feparates the particles of thofe bodies which 
it pervades. 

107, I fay, in an equal aBing quantity, and this is 
one of the objeds which will probably furniih us 
with a variety of moft ufeful knowledge, at the 
fame time that it is moft likely to give the greateft 
exercife to the genius and attention of natural phi- 
lofophers. The forementioned experiment proves, 
that the warmer the water is, the more it dilatates the 
ivory pipe of the hygrometer, and the fame thing I 
make no doubt happens with the difcrete humor. 

On the other band, the evaporation being cer- 
tainly greater in fummef than in winter, there tnuft 
of courfe be more vapours in the air in the firft 
of thefe feafons than in the latter^ Thefe then, as 
it appears^ are the two circumftances moftlikely to 
mak-e the hygrometer fall in fummerj a greater de- 
gree of humor in the air, and an encreale of heat 
And yet I have already experienced that the mean 
height of the hygrometer is greater in fummer than in 
the other feafons. I found my fiift hygrometer, 
which was made in winter^ too (hort in the fum- 
mer; but it would be of a fufficient length now 
that we are in autumn. The mt'm height of the 
four new ones is already (the begliiningot Novem^ 
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ber) 17 degrees lefs than it was in the months of 
Auguft and September. 

108. I hope this paradox will be explained, and 
that the principles which may clear it up will draw 
ufeful confequences along with them. Thofe phi- 
lofophers who look upon evaporation as a diflblution 
of water by air in the manner of menflrua, that 
is, by affinity, will eafiJy apply their principle to the 
folution of part of thefe phasnomena. The diffo- 
lution is greater when the menftruum is warmer, and 
confequently the air mud keep a greater quantity of 
water in diflblution, and fuffer a lefs part of it to 
be precipitated, in fummer than in winter. I can- 
not but allow that this fyftem is extremely fpecious, 
and that many phsenomena are very happily ex- 
plained by means of it. This is what Mr- le Roy 
has fhewn us in the memoir I have already quoted; 
in which, without contending that air really ads as 
a menftruum with refped to water, he demonftrates, 
by a parallel very well kept up, that all the chemi- 
cal expreffions concerning diflblutions may with 
propriety be applied to defcribe the feveral phas- 
nomena he examines, relative to the elevation and 
fufpenfidn of water in air, as well as to its precipi- 
tation under different forms. 

109. If it was not too common a pradice, to 
conclude tilings from words, I Jfhould in fadl think 
thefe chemical expreffions very conveniently adapted 
to explain a number of thefe phaenoaiena. But I 
have rejected them here, on account of this conlS- 
deration 5 that when I took in a greater number 
of phenomena, I found them no longer accurate, 
anj more than the general idea of the diiTolu- 

tion 
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i^m t©f Matsr by ^a^r. I kmt gm:n thr€ teafiaiifi ^t 
.^rs :k :my work> upC\n the nn0dife«tian laf tlie ac« 
mofphere 5 jaod flbdi only repeat :teie, dmt thefe mo- 
difieBtioas of ^ttefeumof ffppcsirto me almaft iniirely 
to be produced by tbe ign^oas iuM ^ and that if ibe 
air bijs aiiyikare in them, it is otjiy a^ being mi 
elaftiq fluid. Tbe particles of thafe fluids^ cmLh ac-^ 
cording to its degree of power^ ftrike, feparate, and 
draw along with them thofe of the humor, and com- 
municate to them the elafticity they poffefs ; in the 
lame manner as they do to the particles of all volatile, 
and likevvife of all fixt fubftances which they cor- 
rode and decompofe. 

I lo. This fyftem will not only furniflhi a folution 
of the paradox which engages our attention, but will, I 
believe, carry us much farther. The heat of the 
fummer keeps the humor iti very great agitation ^ 
and though there is more of the humor at this fea- 
fon than in winter, yet this heat will not allow it to 
continue either as long a time, or in as great a quantity^ 
upon the bodies or in their pores. That is the 
reafon why the hygrometer falls lefs* But we fee at 
the fame time, that the portion of the humor which 
does fojourn, and which I call the adlive part, has 
more power to dilatate the bodiesj from the greater 
degree of motion imprefTed upon it by a greater 
heat. Confequently the dilatation of the bodies, from 
this caufe, will be in a compound ratio of the quan- 
tity of humor^ and of its adlive force, or of the heat* 
And if, for inftance, we compare any fummer's day, 
in which the hygrometer in open air is at the fame 
degree as on any winter's day, the air on the fum- 
?|aaers iday will contain more humor than on the 
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wintcr^s day} but there will be lefs of k 
a£t upon the hygrometer j and yet is the a<aiire part 
will have more ftrength, the efFe6; upon the whole 
will be the fame* This is what appears to me, bu^t 1 
can not now enlarge any farther on this fyftem* I 
have faid enough to fhew that the fiibjcft is very exL« 
lenfiv^ and deferves an attentive examination. 
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